A stable twist boat conformation of thiane S-oxide 1a in solid state and in solution was unambiguously determined by single crystal X-ray crystallography and solution NMR analyses. On the contrary, the thiane Sdioxide 2 which was obtained from the oxidation of corresponding thiane S-oxide 1a was confirmed to adopt a regular chair conformation.
Introduction
It is well-established from calculation studies 1 and some experimental work 2 that the twist boat conformer is ~5 kcal/ mol higher energy state than that of the chair form in cyclohexane ring system. This energy difference, not surprisingly, reflects the preference for the chair conformation over twist boat form. Although some factors are known to be involved in changing this pattern, the literature discloses only a few cases in which a nonchair conformation is observed as a stable form in solution or solid state. In particular, twist-boat conformers in a solid state are rarely known in certain cyclohexanes or saturated 6-membered heterocycles. 3 In the course of our study on the reaction of thiane S-oxide with various electrophiles, we found that 4-tert-butyl-2-diphenylcarbinol thiane S-oxide (1a) exists in a twist boat conformation both in a solid state and in solution, while trans-4-tert-butyl-2-diphenylcarbinol thiane S-dioxide (2), bearing a sulfone group in place of the sulfoxide of 1, exists in a chair form. Herein we wish to report our analysis on the twist boat structure of thiane S-oxide determined by both Xray crystallography and solution NMR spectroscopy.
Experimental Section

Chemistry.
1 H NMR and C) spectrometers. Tetramethylsilane was used as an internal standard. IR spectra were recorded on Jasco IRA-1 or Jasco IR Report-100 spectrometers. Peaks are reported in units of cm . Mass spectra (LMS) were recorded on a JEOL JMS-01 mass spectrometer, and HRMS were recorded on a DX-300 mass spectrometer under electron impact (EI) conditions. Reactions were monitored by thin-layer chromatography carried out on 0.25 mm Merck silicagel plates (60F-254) with UV light. Melting points were determined on a Buchi 510 melting point apparatus and are uncorrected. For anhydrous reactions, THF, ether, DME, and toluene were distilled from sodium metal benzophenone ketyl. 4 Cl and allowed to warm to room temperature. After addition of 5% hydrochloric acid and followed by extraction with ethyl acetate three times, the combined organic layers were washed with brine, dried over magnesium sulfate, filtered, and evaporated. The crude products were purified by silica gel column chromatography (ethyl acetate/MeOH = 20/1) to give 1a (0.31 g, 33%) and 1b (0.37 g, 39%) as a colorless solid.
Synthesis of trans-4-tert-butyl-2-diphenylcarbinol
Spectra of trans-4-tert-butyl-2-diphenylcarbinol thiane-Soxide (1a): 
Synthesis of trans-4-tert-butyl-2-diphenylcarbinol thiane-S-dioxide (2):
To a stirred solution of of trans-4-tertbutyl-2-diphenylcarbinol thiane-S-oxide (1a) (0.19 g, 0.53 mmol) in methylene chloride (5 mL) added slowly 70% MCPBA (2.00 g, 0.79 mmol) at cooling with an ice bath. After stirring for 3 h at room temperature, aqueous 15% NaOH solution (3 mL) was slowly added and the mixture was extracted with ethyl acetate (10 mL) twice. The combined organic layer was washed with aqueous 15% NaOH solution and brine twice respectively, and dried over anhydrous sodium sulfate, evaporated to obtain 2 as a colorless solid (0.25 g, 67% 
Results and Discussion
As shown in Scheme 1, treatment of trans-4-tert-butylthiane S-oxide 4 with LDA at −78 o C followed by benzophenone in THF produced a mixture of diastereomers, trans-4-tert-butyl-2-diphenylcarbinol thiane S-oxide (1a) and cis-4-tert-butyl-2-diphenylcarbinol thiane S-oxide (1b), which were separated by silica gel column chromatography in 33% and 39% yields, respectively. Single-crystal X-ray diffraction analyses for 1a and 2 were performed by a P4 X-ray diffractometer (Siemens Co.) and the crystal data and structure refinement are listed in Table  1 . 6 The thiane ring of 1a is highly distorted, as shown in Figure 1 , and the examination of the tortional angles in Table  2 reveals that the tert-butyl and diphenylcarbinol group of 1a occupy the pseudoequatorial positions, while a sulfoxide group the pseudoaxial position. To the best of our knowledge, twist boat form as a preferred structure in the thiane Soxide system is unprecedented. The twisted conformation of the thiane ring of 1a is further reflected in the long bond for S(1)-C(1) (1.812 A), S(1)-C(5) (1.812 A), C(3)-C(4) (1.531 On the other hand, the thiane ring of 2 exists in a chair conformation, where the tert-butyl group occupies the equatorial position and diphenylcarbinol group exists in the axial position.
Although structural differences between 1a and 2 only stem from the difference in oxidation state (sulfoxide vs. sulfonyl group), the conformations are twist boat and chair forms in 1a and 2, respectively. Since sulfoxide prefers to occupy the axial position, 7 it seemed to play some role in taking twisted conformation in 1a, but the preference energy of the axial type of sulfoxide to an equatorial type in the thiane S-oxide is generally known to be ~0.2 kcal/mol, 8 which is too small when compared with the preference energy of chair form over twist boat form (~5 kcal/mol) in the cyclohexane ring system. Another factor for taking the twist form in 1a is seen in the intramolecular hydrogen bonding between the sulfoxide oxygen and the hydroxyl groups, which is observed in the crystal structure of Internal hydrogen bonding of the hydroxy proton of 1a was also detected in solution (CDCl 3 ) as follows: the hydroxy proton chemical shift (5.6 ppm) of 1a appeared down field compared with the hydroxy proton of 2 (3.8 ppm); moreover, the hydroxy proton of 1a was unchanged in various concentrations (0.1 M-0.01 M). Conclusively, we suggest that three factors such as (1) axial preference of sulfoxide, (2) equatorial preference of diphenylcarbinol, and (3) hydrogen bonding between sulfoxide oxygen and hydroxyl, which forms like a [6, 6] The conformation of 1a in solution (CDCl 3 ) was examined as well. Indeed, solution NMR study indicated that the preferred conformation of 1a in CDCl 3 is a twist boat form like the one observed in the crystal for the following reasons: (1) The sulfoxide of 1a (Figure 2 ) is confirmed to be oriented axially 10 since large upfield shifts of C 2 -H (3.48 ppm) and C 6e,6a -H (3.17, 2.69 ppm) of 1a were observed, which is comparable to those of the C 2 -H (3.65 ppm) and C 6e,6a -H (3.39, 2.91 ppm) of 1b in 1 H NMR. In addition, large upfield shifts of C 2 (56.07 ppm) and C 6 (46.42 ppm) of 1a were observed in 13 C NMR as were C 2 (71.50 ppm) and C 6 (52.33 ppm) of 1b. 11 (2) Downfield shifts of C 4 -H (1.96 ppm) and C 3a,3e -H (2.46, 1.62 ppm) in 1a in 1 H NMR [C 4 -H (1.37 ppm), C 3a,3e -H (1.07, 2.10 ppm) in 1b] are in harmony with the X-ray crystal structure, where C 4 -H and C 3 -H are in the position affecting anisotropy of sulfoxide.
12 (3) Some coupling constants of the thiane ring in 1a represent the H NMR where internal dihedral angles are inclined to be small as seen in the crystal structure, and by the Karplus equation, the vicinal proton coupling constants of axial-axial relationship of 1a are to be smaller than those of 1b (J 2a3a = 10 Hz and 12 Hz in 1a and 1b, J 5a6a = 10 Hz and 12 Hz in 1a and 1b, respectively) while the vicinal proton coupling constants of axial-equatorial protons of 1a are to be larger than those of 1b (J 5a6e = 7 Hz and 3 Hz in 1a and 1b, J 5e6a = 4 Hz and 3 Hz in 1a and 1b, respectively). 13 We also monitored NMR spectra in various temperatures from As shown in Figure 3 , no noticeable change was observed in spectral patterns except for line broadening at low temperature in 1 H NMR, confirming that 1a adopts a twist boat form in solution as one conformer.
In summary, a stable twist boat conformation of thiane Soxide 1a in solid state and solution was unambiguously determined by X-ray crystal and solution NMR analyses, respectively. This is the first example where a twist boat form is experimentally observed as a preferred structure in the thiane S-oxide system. In contrast, the corresponding thiane S-dioxide 2 produced by the oxidation of thiane Soxide 1a was confirmed to adopt a chair form. Further studies to prepare other stable nonchair conformers are underway in our laboratory.
